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ABSTRACT 



A ceramic circuit substrate providing a circuit pattern with 
a fine line as well as high accuracy for positioning the circuit 
pattern and a method of producing the ceramic circuit 
substrate. An alumina layer that is green containing an 
alumina that is not sintered at a temperature ranging from 
800° to 1000° C. is applied on a surface of a ceramic green 
sheet containing glass and ^tbengfl redffal^^temperature 
ranging from 800° to 1000° C. The ceramic green sheet is 
sintered into a sintered ceramic substrate. A porous alumina 
layer is formed on a surface of the sintered ceramic sub- 
strate. The glass contained in the sintered ceramic substrate 
is caused to flow to the inside of the porous alumina layer so 
that the part of the porous alumina l ayer filled with the glass 
is bonded to the sintered ceramic substrate. The part of the 
porous alumina layer not filled with the glass is removed, 
wherein the porous alumina layer remaining on the sintered 
ceramic substrate after the removing has a thickness of 10 
/mi or less. A paste for forming the circuit pattern is printed 
on a surface of the part of the porous alumina layer that has 
been bonded to the sintered ceramic substrate for heating. 

4 Claims, 9 Drawing Sheets 
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METHOD OF PRODUCING A CERAMIC 
CIRCUIT SUBSTRATE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 5 
The present invention relates to a ceramic circuit substrate 

and a method of producing the ceramic circuit substrate. 
More specifically the present invention relates to adhesion of 
a circuit pattern to a surface of a sintered ceramic substrate. 

2. Description of the Related Arts 10 
A multilayer ceramic substrate has been proposed accom- 
panied with the need demanding to reduce the size of the 
ceramic circuit substrate and to further enhance its density to 
be higher. Particularly a glass ceramic multilayer substrate 
that can be sintered at a low temperature ranging from 800° 15 
to 1000° C. has been highly expected to cope with the 
above-described need, which is allowed to contain low 
conductive resistance such as Ag, Cu or the like as an inner 
layer. 

As an initial step of producing the above ceramic circuit 20 
substrate, via holes 921 are pierced through a plurality of 
ceramic green sheets 920 as FIG. 11 shows. Then the via 
hole 921 is filled with a conductor 951. A paste 952 for 
forming an inner layer pattern is printed on a surface of the 
ceramic green sheet 920. Those ceramic green sheets 920 are 25 
laminated and co-fired. As a result, a sintered ceramic 
substrate 92 having an inner layer pattern 95 and the 
cooductive via hole 921 is obtained as FIG. 12 shows. 

As FIG. 13 shows, a paste 932 for forming the circuit 
pattern is printed on a surface of the sintered ceramic 30 
substrate 92 for firing again. A circuit pattern 93 is formed 
on the surface of the sintered ceramic substrate 92, resulting 
in providing a ceramic circuit substrate 9 having a multilayer 
construction as shown in FIG. 14. The method of producing 
the ceramic circuit substrate as described above uses porous 35 
ceramic green sheets 920 as shown in FIG. 15 that serve to 
absorb solvent 959 contained in the paste 952 easily. When 
printing the paste 952 for forming the inner layer pattern to 
the above-featured ceramic green sheet 920, the ceramic 
green sheet 920 absorbs the solvent 959 contained in the 40 
paste 952. Therefore stain and bleed hardly occurs after 
printing, thus forming the inner layer pattern with a sharp 
and fine line. 

On the contrary as shown in FIG. 16, it is difficult for the 
sintered ceramic substrate 92 obtained by co-firing the 45 
ceramic green sheets to absorb the solvent contained in the 
paste 932 for forming the circuit pattern sufficiently. In case 
of printing the paste 932 to the surface of the sintered 
ceramic substrate 92, most of the solvent cannot be absorbed 
thereby. As a result, the paste 932 that has been printed is 50 
likely to flow to the outside of a specified dimension 930 
immediately after printing, resulting in a stain 939. Or the 
solvent may bleed on the surface of the paste 932, thus 
causing a bleed 938. Due to the above described stain or 
bleed, the fine line cannot be formed. Failing to form the fine 55 
line may obstruct the effort to reduce the size of the ceramic 
circuit substrate and to enhance its density to be higher. 

Forming an outermost circuit pattern on a ceramic green 
sheet in the same manner as forming the inner layer pattern 
has been proposed. This process, however, causes variation 60 
in shrinkage among ceramic green sheets at firing. This 
deteriorates the accuracy for positioning the circuit pattern, 
obstructing the mount of a part to the circuit pattern. 

SUMMARY OF THE INVENTION 65 
An objective of the present invention is to provide a 
ceramic circuit substrate having the circuit pattern with fine 
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lines and allowing for accurate positioning of the circuit 
pattern and a method of producing such ceramic circuit 
substrate. 

The present invention provides a method of producing a 
ceramic circuit substrate comprising steps of: preparing a 
laminated body by applymgjm^uminaJUyertiiat is green 
containing an alumina that is not sintered at a temperature 
ranging from 800° to 10(Sj o ~C. to a surface" of a ceramic 
green sheet containing glass that is sintered at a temperature 
ranging from 800° to 1000° C; forming a sintered ceramic 
substrate by sintering the reramfc OT en ^he&t-anH forming 
the alumina layer into a porous alumina layer through firing 
the laminated body at a temperature ranging from 800° to 
1000° C; and causing the glass to flow into the porous 
alumina layer so as to bond a part of the porous alumina 
layer filled with the glass to the sintered ceramic substrate; 
removing an alumina part of the porous alumina layer that 
has not been bonded to a surface of the sintered ceramic 
substrate, wherein the porous alumina layer remaining on 
the sintered ceramic substrate after the removing has a 
thickness of 10 fjm or less; printing-a_paste-for forming a 
circuit pattern on a surface of the porous alumina layer; and 
adhering the circuit pattern to the sintere d ceramic substrate 
with the aide of the porous~*alurnina- layer by firing the 
sintered ceramic substrate. 

Other objectives and aspects of the invention will become 
more apparent from the following description of examples 
with reference to the accompanying figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a cross section of a ceramic circuit substrate of 
Example 1. 

FIG. 2 is a cross section of an upper surface section of the 
ceramic circuit substrate of Example 1. 

FIGS. 3(a) to (e) briefly represent processes in a method 
of producing the ceramic circuit substrate of Example 1. 

FIG. 4 is a cross section of ceramic green sheets of 
Example 1. 

FIG. 5 is a cross section of laminated ceramic green sheets 
of Example 1. 

FIG. 6 is a cross section of a laminated body of ceramic 
green sheets having its surface applied with an alumina layer 
in Example 1. 

FIG. 7 is a cross section of a sintered ceramic substrate 
and a porous alumina layer after burning in Example 1. 

FIG. 8 is a cross section of a sintered ceramic substrate 
having the porous alumina layer bonded thereto in Example 
1. 

FIG. 9 is a cross section of the sintered ceramic substrate 
after printing a paste for forming the circuit pattern in 
Example 1. 

FIG. 10 is a cross section of upper surface of the sintered 
ceramic substrate after printing the paste for forming the 
circuit pattern onto the porous alumina layer surface in 
Example 1. 

FIG. 11 is a cross section of laminated ceramic green 
sheets of a prior art. 

FIG. 12 is a cross section of a sintered ceramic substrate 
of a prior art. 

FIG. 13 is a cross section of the sintered ceramic substrate 
after printing the paste for forming the circuit pattern as a 
prior art. 

FIG. 14 is a cross section of the ceramic circuit substrate 
of a prior art. 
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FIG. 15 is an explanatory view showing a cross section of C. It is formed into a powder after a resin contained in the 

the ceramic green sheets having the paste for forming the alumina layer is decomposed and dispersed, which can be 

inner layer pattern printed thereon as a prior art. easily removed. 

FIG. 16 is an explanatory view showing a cross section of A paste for forming the circuit pattern is printed on a 

the sintered ceramic substrate having the paste for forming 5 surface of the bonded part of the porous alumina layer. The 

the circuit pattern printed thereon for burning as a problem S las ? has en l ere <? int0 man y P° res formed a ?, on | 

of a prior art " particle-like aluminas. However all pores are not filled with 

the glass. Therefore sufficient amount of the solvent con- 

DETAILED DESCRIPTION OF THE tained in the paste can be absorbed by those pores that have 

INVENTION 10 not been filled with the glass. 

The present invention is characterized by a method of when printing the paste on a surface of the porous 

producing a ceramic circuit substrate comprising steps of: alumina layer, the solvent contained in the paste is absorbed 

preparing a laminated body by applying an alumina layer thereby, thus forming a sharp and fine circuit pattern, 

that is green containing an alumina that is not sintered at a When the above obtained sintered ceramic substrate is 

temperature ranging from 800° to 1000° C. to a surface of 15 fired, the glass contained in the paste for forming the circuit 

a ceramic green sheet containing glass that is sintered at a pattern is melted and flows into the inside of the porous 

temperature ranging from 800° to 1000° C; forming a alumina layer. The circuit pattern can be adhered to the 

sintered ceramic substrate by sintering the ceramic green porous alumina layer owing to the anchor effect of the glass 

sheet and forming the alumina layer into a porous alumina entering thereinto. 

layer through firing the laminated body at a temperature 20 As described above, the glass contained in the sintered 

ranging from 800° to 1000° C; and causing the glass to flow ceramic substrate is so designed to flow into the porous 

into the porous alumina layer so as to bond a part of the alumina layer from one surface. On the contrary the glass 

porous alumina layer filled with the glass to the sintered contained in the circuit pattern is designed to flow into the 

ceramic substrate; removing an alumina part of the porous porous alumina layer from the other surface thereof. The 

alumina layer that has not been bonded to a surface of the 25 porous alumina layer and the sintered ceramic substrate can 

sintered ceramic substrate; printing a paste for forming a be strongly adhered. Likewise the porous alumina layer and 

circuit pattern on a surface of the porous alumina layer, and the circuit pattern can be strongly adhered as well, 

adhering the circuit pattern to the sintered ceramic substrate The resultant ceramic circuit substrate has a sharp and fine 

with the aid of the porous alumina layer by firing the sintered circuit pattern as well as firmly adhering the circuit pattern 

ceramic substrate. 30 to me sintered ceramic substrate. 

The most important feature of the present invention is that As the circuit pattern is printed to the sintered ceramic 

the circuit pattern is formed on a surface of the sintered substrate that has been fired, the sintered ceramic substrate 

ceramic substrate with the aid of a porous alumina layer after never shrinks even after forming the circuit pattern. The 

firing. circuit pattern, thus, can be printed at the exact position 

An advantageous effect of the above described method is 35 accurately, 

explained. An alumina sheet can be used as the alumina layer. 

A laminated body formed of ceramic green sheets con- Alternatively such material nhtainwi hy drying thr. printed 

taining glass and an alumina layer that is green containing an alumina paste can be used as the alumina layer, 

alumina that is not sintered at a temperature ranging from ^ It is preferable that the laminated body is thermo- 

800° to 1000° C. is sintered at a temperature ranging from compressed before firing. As the alumina layer can be tightly 

800° to 1000° C. The ceramic green sheets are sintered to acfficicd 10 till! Mlduoe- green sheet, the part of the porous 

form the sintered ceramic substrate. While the alumina layer alumina layer filled with the glass is well bonded to the 

is not sintered and then becomes a porous alumina layer sintered ceramic substrate during firing without applying 

having a large number of pores formed among particle-like 45 pressure to the laminated body. 

aluminas. Upon printing of the paste for forming the circuit pattern, 
The glass contained in the sintered ceramic substrate is it is preferable that the porous alumina layer with the 
melted and flows into pores of the porous alumina layer non-bonded alumina already removed has a thickness of 10 
through capillary phenomenon. The specific part of the /*m or less. If the thickness exceeds 10 /an, the adhesion 
porous alumina layer into which the glass has been entered 50 between the sintered ceramic substrate and the circuit pat- 
is bonded to the sintered ceramic substrate. tem may be deteriorated. 

If the temperature for firing the aforementioned laminated It is further preferable that the above thickness is less than 

body is less than 800° C, the ceramic green sheets are not 3//m so as to enhance adhesion between the sintered ceramic 

sintered and the glass contained therein is not melted. While substrate and the circuit pattern. 

if the temperature for firing the laminated body exceeds 55 It is preferable that the thickness of the above porous 

1000° C, a conductor material having a low melting point alumina layer is not less than 0.5 /ma. If the thickness is less 

such as Ag or the like cannot be used. than 0.5 /on, sufficient amount of the solvent cannot be 

The bonded part of the alumina layer bonded to the absorbed by the porous alumina layer, thus failing to form 

sintered ceramic substrate is only remained by removing the the sharp and fine circuit pattern. 

non-bonded part that is not bonded thereto. In case of 60 It is preferable that the paste for forming the circuit 

printing the circuit pattern without removing the non-bonded pattern contains glass frit. In the firing after printing the 

part, the non-bonded part is likely to break during manu- paste, the glass contained in the paste will be melted and 

facturing or use of the ceramic circuit substrate, thus pre- flow into pores of the porous alumina layer. Therefore the 

venting the circuit pattern from being adhered to the sintered circuit pattern is firmly adhered to the sintered ceramic 

ceramic substrate. 65 substrate. 

The non-bonded part of the alumina is not sintered even It is preferable to buff a surface of the porous alumina 

when it is fired at a temperature ranging from 800° to 1000° layer after removing the non-bonded part for smoothing. 
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The paste for forming the circuit pattern is a material 
obtained by mixing a solid material formed of, for example, 
conductor, resistor or glass with binder and solvent. 

The conductor is prepared by mixing a small amount of 
glass with a conductor such as Au, Ag/Pd, Ag/Pt, Ag or the 
like. The resistor is prepared by mixing, for example, 
ruthenium oxide with glass. 

The sintered ceramic substrate is sintered at the same 
temperature for firing a thick film in a conventional manner. 
The temperature for firing the conductor and the resistor 
ranges from, for example, 800° to 900° C. The temperature 
for firing the glass ranges from, for example, 500° to 900° 
C. 

The ceramic circuit substrate produced by the above 
method comprises a sintered ceramic substrate containing 
glass and a circuit pattern applied on a surface of the sintered 
ceramic substrate. A porous alumina layer is formed 
between the sintered ceramic substrate and the circuit pat- 
tern and an inside of the porous alumina layer is filled with 
glass that has been contained both in the circuit pattern and 
the sintered ceramic substrate. 

In a process of producing the above-described ceramic 
circuit substrate, the glass contained in the sintered ceramic 
substrate flows to the inside of the porous alumina layer 
from one surface. On the contrary the glass contained in the 
circuit pattern also flows to the inside of the porous alumina 
layer from the other surface. Therefore the porous alumina 
layer and the sintered ceramic substrate can be firmly 
adhered. Likewise the porous alumina layer and the circuit 
pattern can also be firmly adhered. 

As the solvent contained in the paste for forming the 
circuit pattern is absorbed by the porous alumina layer, the 
sharp circuit pattern exhibiting no bleed nor stain can be 
formed. The resultant circuit pattern presents fineness and 
high accuracy. 

It is preferable that the thickness of the porous alumina 
layer is 10 /mi or less. If it exceeds 10 jan, adhesion between 
the sintered ceramic substrate and the circuit pattern may be 
deteriorated. It is preferable that the thickness of the porous 
alumina layer is 3 fan or less for further enhancing the 
adhesion. It is preferable that the thickness of the porous 
alumina layer is not less than 0.5 so as to form finer and 
sharper circuit pattern. 

The present invention provides a ceramic circuit substrate 
realizing a fine and sharp circuit pattern and having capa- 
bility to position the circuit pattern accurately and the 
method of producing such ceramic circuit substrate. 

EXAMPLES 

Example 1 

Referring to FIGS. 1 and 10, a ceramic circuit substrate of 
examples of the present invention is described. 

As FIG. 1 shows, a ceramic circuit substrate 7 is formed 
of a sintered ceramic substrate 2 containing glass and a 
circuit pattern 3 printed on a surface thereof. A porous 
alumina layer 1 having a thickness of 10 or less is formed 
between the sintered ceramic substrate 2 and the circuit 
pattern 3. 

As FIG. 2 shows, inside of the porous alumina layer 1 is 
filled with glass 25 that has been contained in the sintered 
ceramic substrate 2. The inside of the porous alumina layer 
is also filled with glass 35 contained in the circuit pattern 3 
that has entered from the side opposite to the glass 25. 

The sintered ceramic substrate 2 has an inpcrtqver pattern 
52 and a via hole 21 filled with a conductpT 51. ] 
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A method of producing the aforementioned ceramic cir- 
cuit substrate is briefly described referring to FIGS. 3(a) to 
3(e)- 

As FIG. 3(a) shows, a laminated body 200 is formed by 
applying an alumina layer 10 that is green containing an 
alumina that is not sintered at a temperature ranging from 
800° to 1000° C. on a surface of the ceramic green sheet 20 
containing gla^s-An alumina ch^t ic n^H fa r p rP p ar ;r^ the 
alumina lay$Ll!L3 

The laminated body 200 is fired at 900° C. As shown in 
FIG. 3(6), a sintered ceramic substrate 2 is obtained resulted 
from sintering the ceramic green sheet 20. The alumina layer 
10 is formed into a porous alumina layer 1. The glass 25 
contained in the sintered ceramic substrate 2 flows to the 
inside of the porous alumina layer 1 so as to bond the part 
of the porous alumina Jayej 1 filled with the glass to the 
sintered ceramic substra<e2^ 

As FIG. 3(c) shows, a non-bonded part 109 of the porous 
alumina layer 1 that has not been bonded to the sintered 
ceramic substrate 2, i.e., alumina 100, is removed. A bonded 
part 108 of the porous alumina layer 1 that has been bonded 
to the sintered ceramic substrate 2is remained. 

As FIG. 3(d) shows, a pasteQO/for farming th~ Hreuit } 

pa ttern jg prints np fl curfr™ f rTrnilf llnnUM lAVM* 1 

that has been bonded to the sinterrd cer amic substrate 2. The. 
solvent 39 contained in the paste 30 js, flfrgnrh^H hy thp 
pnrmrJTnlniinfi inynr 1 ~J 

Referring to FIG. 3(e), the circuit pattern 3 is adhered to 
the sintered ceramic substrate 2 with the aide of the porous 
alumina layer 1 through heating the sintered ceramic sub- 
strate. 

The aforementioned method of producing the ceramic 
circuit substrate is further described in detail. 

Binder, plasticizer and solvent are mixed with a solid 
material obtained by mixing 60 wt. % of CaO — A1 2 0 3 — 
Si0 2 — B 2 0 3 glass and 40 wt. % of alumina for kneading. 
The obtained product is molded through a doctor blade 
method to form a ceramic green sheet having a thickness of 
0.3 mm. ^ — ^ \ 

As FIG. 4 shows, via holp:21 atfe pierced through the " 
ceramic green sheet 20. A coMucto^61 is filled with the via 
holffil \hrough a printing metnTJtr A paste 521 for forming 
an uWrlayer pattern is printed on a surface of the ceramic 
green shee^O. A conductor formed of Ag is used fnr the 
conducto/Sl^nd th e past a<52fr As FIG. 5 shows, the 
ceramic greetfsheeB20^e Iraminated. 

An alumina sheet having a thickness of 0.3 mm is formed 
by mixing the binder, plasticizer and solvent with the solid 
material containing 90 wt. % of alumina powder for knead- 
ing through a doctor blade method. 

As FIG. 6 shows, each surface of the laminated ceramic 
green sheets 20 is applied with the above obtained alumina 
sheet as an alumina layer 10, thus forming the laminated 
body 200. 

The laminated body 200 is thermo -compressed at 100° C. 
under 100 kg/cm 2 . Then the resultant laminated body 200 is 
fired in the air at 900° C. for 20 minutes. 

As FIG. 7 shows, the ceramic green sheet is fired and then 
formed into a sintered ceramic substrate 2. An alumina layer 
has a large number of pores 19 formed among aluminas 100. 
Those pores are filled with the glass 25 that has been 
contained in the sintered ceramic substrate 2. The lower part* 
of the porous alumina layer 1 rilled with the glass is bonded 
to the sintered ceramic substrate 2. This part is referred to as 
the bonded part 108. While the upper part of the porous 
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filled with the glass an d becomes the 
IQI Mha f- iB not boa ted to the sintered. 




An inner layer pattern 52 is formed within the sintered 
ceramic substrate 2. 

As FIGS. 7 and 8 show, the non-boniied^iaft-^^oXJb^ 
porous alumina layer 1 is manually removed. The surface of 
the bonded part 108 of the r^rniiR Mnminn layer is bujEcd 
for smoothing the surface. A t hickness of the rei 
bonded part 108 of the porous 
about 2 fan. 

As FIGS. 9 and 10 show, the paste 30 for formj flfcjhe 
circuit pattern is printed on a surface of the porous alumina 
layer 1. As shown in FIG. 10, the paste 30 contains Au 
conductor 31 and glass frit 350. A printing width of the paste 
30 is set to 200 /zm. A space between adjacent paste lines is 
set to 120 ^m. 

Then another type of paste containing Ag and Pd other 
than the paste 30 containing Au is printed. 

The resultant product is fired in the air at 900° C. for 10 
minutes. The circuit pattern 3 is formed from the paste line 
as shown in FIG. 1. The glass frit contained in the circuit 
pattern 3 is melted and flows into the pores 19 of the porous 
alumina layer 1. The circuit pattern 3 can be tightly adhered 25 
by the anchor effect. As a result, the ceramic circuit substrate 
7 is obtained having the circuit pattern 3 firmly adhered to 
the sintered ceramic substrate 2 with the aid of the porous 
alumina layer 1. 
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Example 2 

A method of producing the ceramic circuit substrate of 
Example 2 is the same as Example 1 except that an alumina 
paste is used as the alumina layer instead of using the 
alumina sheet. 

The alumina paste is obtained by mixing binder, plasti- 
cizer and solvent with the solid material containing 90 wt % 
or more of alumina powder, which is kneaded into paste. The 
resultant alumina paste is printed on a surface of the ceramic 
green sheet and then dried. Then the alumina layer having a 
thickness ranging from 7 to 10 fim is formed. 

The obtained alumina layer is thermo-compressed and 
fired so as to form a sintered ceramic substrate by sintering 
the ceramic green sheet. The alumina paste is formed into 
the porous alumina layer. The alumina part of the porous 
alumina layer not bonded to the sintered ceramic substrate is 
removed. The remained bonded part of the porous alumina 
layer has a thickness of 3 fm\ or less. 

The paste for forming the circuit pattern is applied on a 
^surface of the porous alumina layer as the bonded part, 
which is further fired. Finally the ceramic circuit substrate of 
the present invention is produced. Other features are the 
same as those of Example 1. 

Comparative Example 

In this Comparative Example, the ceramic circuit sub- 
strate is produced without using the alumina layer. 

More specifically, the ceramic circuit substrate is pro- 
duced by printing the paste for forming the circuit pattern 
directly on a surface of the sintered ceramic substrate for 
firing. Other features are the same as those of Example 1. 

Experiment 

In this Experiment, each ceramic circuit substrate of 
Example 1, Example 2 and Comparative Example was 
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subjected to measurement with respect to a line width of the 
circuit pattern, line space, wire bonding ability, soldering 
wettability and adhesion strength, respectively. 

As described above, values of the line width of Au and the 
line space of the circuit pattern were set to 200 fm\ and 120 
fim, respectively. 

In order to measure the wire bonding ability (hereinafter 
referred to as "W/B"), the Au line (diameter: 25 /«n) was 
bonded to a surface of the circuit pattern through USTC 
(Ultra Sonic Thermo Compression) bonding method. Then 
the bonding condition between the circuit pattern and the Au 
line was evaluated with the tension gauge. If the bonding 
strength becomes 4 g or more, the W/B is determined as 
"good". If the bonding strength becomes less than 4 g or the 
wire is peeled off, the W/B is determined as "no good". 

In order to measure the soldering wettability, the rosin 
flux was applied on a surface of the circuit pattern formed of 
Ag/Pd. Then the solder containing 60 wt. % of tin and 40 wt. 
% of lead was printed for soldering through heating at 230° 
C. for 5 seconds. The soldering condition was observed with 
an optical microscope (xlO). If the wetted part is 90% or 
more of the surface area of the circuit pattern, the soldering 
wettability is determined as "good". If the wetted part is less 
than 90% of the surface area of the circuit pattern, it is 
determined as "no good". 

The adhesion strength between the circuit pattern and the 
sintered ceramic substrate was measured using soldering 
peel method. 

For the aforementioned measurement, the ceramic circuit 
substrate having the circuit pattern (2 mmx2 mm) formed of 
Ag/Pd was prepared using the method of the present inven- 
tion. Then a wire (soft copper wire with a diameter of 0.6 
mm) was soldered to the circuit pattern formed on the 
ceramic circuit substrate. The wire set to the measurement 
equipment was stretched in a direction at 90° for peeling. 
The load exerted at a time when peeling occurred was 
divided by the circuit pattern area. The obtained result 
(kg/mm 2 ) was defined as the adhesion strength. 
This measurement was repeated 20 times. 
The measurement results are shown in Table 1. 
As shown in Table 1, the error was hardly found in the line 
width and the line space of the paste for forming the circuit 
pattern at printing both in Examples 1 and 2 compared with 
the Comparative Example. The Examples 1 and 2 succeeded 
in printing, providing sharp line and hardly causing stain and 
bleed on the line. 

The measurement of W/B, soldering wettability and adhe- 
sion strength of the circuit pattern of the respective 
Examples provided approximately similar results. 

As FIG. 10 shows, the porous alumina layer 1 is formed 
of a large number of particle-like aluminas 100 and a large 
f number of pores 19 formed thereamong. WheqL printing the 
L pa ste 30 for forming the circuit pattern, sufficient amo unt of 
y the so jyent contained in the paste 30 can be abso rbed. 
Therefore trie sharp printing line can be formed both i n 
Example 1 and Example 7. ~ 

As FIGS. 3(6) and 7 show, upon firing the ceramic green 
50 sheet, the glass 25 contained therein is melted and flows into 
the pores 19 of the porous alumina layer 1. 

Then as FIGS. 3(e) and 2 show, upon firing the sintered 
ceramic substrate 2 after applying the paste for forming the 
circuit pattern, the glass 35 contained in the paste for 
65 forming the circuit pattern is melted and flows to the inside 
of the porous alumna layer 1. The circuit pattern 3 is tighdy 
adhered to the porous alumna layer 1 with the anchor effect 
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resulted from the flow of the glass 35 into the porous 
alumina layer 1. 

Therefore the adhesion strength between the porous alu- 
mina layer 1 and the sintered ceramic substrate 2 is 
increased. Likewise the adhesion strength between the cir- 
cuit pattern 3 and the porous alumina layer 1 is also 
increased. 

The present invention provides a method of producing the 
ceramic circuit substrate having a sharp and fine circuit 
pattern as well as having the circuit pattern tightly adhered 
to the sintered ceramic substrate. 

While the invention has been described with reference to 
the examples, it is to be understood that modifications or 
variations may be easily made by a person of ordinary skill 
in the art without departing from the scope of this invention 15 
which is defined by the appended claims. 



TABLE 1 





Line 


Line 




Soldering 


Adhesion 




width 


space 




wet- 
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(ftm) 


W/B 


tability 


(kg/mm 2 ) 


Example 1 


X 198 o4 


X 121 o4 


Good 


Good 


X1.0min0.7 


Example 2 


X 206 06 


X 114 or6 


Good 


Good 


X1.0min0.6 


Comparative 


X228 all 


X 91 ol2 


good 


Good 


Xl.lmin0.6 


Example 











X; Average value 
a: Standard deviation 
min.: Minimum value 

What is claimed is: 

1. A method of producing a ceramic circuit substrate 
comprising: 

preparing a laminated body by applying an alumina layer 
that is green containing an alumina that is not sintered 
at a temperature ranging from 800° to 1000° C. to a 



10 



20 



25 



10 



surface of a ceramic green sheet containing glass that is 
sintered at a temperature ranging from 800° to 1000° 

C; 

forming a sintered ceramic substrate by sintering said 
ceramic green sheet and forming said alumina layer 
into a porous alumina layer through firing said lami- 
nated body at a temperature ranging from 800° to 1000° 
C; and causing said glass to flow into said porous 
alumina layer so as to bond a part of said porous 
alumina layer filled with said glass to said sinterj 
ceramic substrate; 
/^moving an alumina part of said porous alumina layer 
that has not been bonded to a surface of said sintered 
ceramic substrate; 

printing a paste for forming a circuit p attern on a surf ace 
of said porous alumina layer; and ~~ 
f- adhering said circuit pattern to said sintered ceramic 
I substrate with the aid of said porous alumina layer by 
V firing said sintered ceramic substrate; 
wherein said porous alumina layer remaining on said 
sintered ceramic substrate after the removing of said 
alumina part has a thickness of 10 /*m or less. 

2. The method of producing a ceramic circuit substrate of 
claim 1, wherein said alumina layer is an alumina sheet. 

3. The method of producing a ceramic circuit substrate of 
claim 1, wherein said alumina layer is formed by drying a 

30 printed alumina paste. 

4. The method of producing a ceramic circuit substrate of 
claim 1, wherein said paste for forming a circuit pattern 
contains glass frit. 
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